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GANGLIOSIDE IMMUNOSTIMULATING COMPLEXES AND USES 

THEREOF 

The present invention relates generally to an immunostimulating complex comprising 
S one or more gangliosides and more particularly to an immunostimulating complex 
comprising at least one of the gangliosides GM2, GD2, GD3 or GT3. The present 
invention is useful, inter alia, as a prophylactic and/or therapeutic agent in the 
treatment of tumours, and more particularly, melanomas. 

10 The bibliographic details of die publications referred to by author in this specification 
are collected at the end of the description. 

Throughout the specification, unless the context requires otherwise, the word 
"comprise" or variations such as "comprises" or "comprising", will be understood to 
IS imply the inclusion of a stated element or integer or group of elements or integers but 
not the exclusion of any other element or integer or group of element or integer. 

The incidence of malignant melanoma has been increasing rsy)idly over the last ten 
years with the survival rate of patients diagnosed with melanoma decreasing with 
20 mcreasing primary tumour diickness (Batch et al., 1982). Patients with regional 
lymphnode metastasis generally have a five year survival rate of less than 3S % 
following dissection (Coit et aL, 1991). 

The identification of tumour associated antigens has provided further scope for tumour 
25 related therapies. Tumour antigens, both those which are unique to tumour cells and 
those which are shared with normal cells, have emerged as potential targets for active 
inununisation. One example of a class of tumour antigens are the gangliosides. 
Gangliosides are sialated glycosphingolipids consisting of hydrophilic (sugar) and 
hydrophobic (ceramide) portion. They are prevalent in brain and other neural crest 
30 derived cells and are also found on the tumours originating from these cells - 
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astrocytomas, neuroblastomas and melanomas (Lloyd, 1993). Their pattern of cell 
surface expression is altered during the process of the malignant transformation 
(Halcomori, 1985). More than 70 gangliosides have been identified although 
not all of these are found on tumours. 

5 

In terms of developing a vaccine, the induction of an effective immune response to 
carbohydrate antigens requfres the co-presentation of carbohydrate epitopes (B epitopes) 
and T epitopes derived from protein to antigen presenting cells. This has traditionally 
been achieved by chemical conjugation of carbohydrate to carrier protein, the best 

10 known example being the haemophilus influenzae type b vaccmes where a carbohydrate 
antigen is conjugated to either diphtheria toxoid, tetanus toxoid or Neisseria 
meningitidis major outer membrane protein. However, the use of chemical conjugation 
in the preparation of such vaccines presents inherent problems in that the structure of 
conformational epitopes may be altered thereby reducing or eliminating their 

15 antigenicity. In addition, chemical conjugation procedures are expensive, time 
consummg, very difficult to perform under uniform conditions and generally involve 
substantial losses of material. Further, in stimulating the immune response to such an 
antigen, adjuvants have commonly been used to increase inmiunogenicity of the 
antigen. One of the difficulties associated with the use of adjuvants stems from the 

20 unwanted reactivity which they may also mduce. 

Dose-site reactivities are a major concern for both veterinary and human use of 
adjuvant in vaccine preparation. One way of avoiding toxicity is via the use of 
immunostunulating complexes. Immunostimulating complexes are typically small, 

25 cage like structures 30 to 40 nanometres in diameter which retain their structure on 
fi-eeze drying. The size can vary, however, depending on mode of preparation, 
composition and method used for measurement. The final formulation of a typical 
immunostimulating complex with an optimal amount of inmiunogenic protein or 
polypeptide is a weight ratio of ssqwnin, cholesterol, phospholipids and protein or 

30 polypeptide (5:1:1: 1). Such a typical immunostimulating complex is estimated to 
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contain around 60% by weight saponin, around 10% each for cholesterol and 
phospholipids and the remainder protein or polypeptides. Proteins or polypeptides can 
be incorporated into the immunostimulating complex matrix either directly or by 
chemical coupling to a carrier protein (eg. influenza envelope protein) after 
S incorporation of the carrier protein into the immunostimulating complex. 

The saponin adjuvants, a group of surface active glycosides of plant origin, are highly 
effective adjuvants. However, although effective tfiey neverdieless exhibit toxicity. 
Such toxicity is reducable by incorporation of saponin into an inununostimulating 
10 complex. This is due to the association of the saponin adjuvant with cholesterol in the 
complex thereby reducing its ability to bind to cholesterol in cell membranes. Further, 
a lesser amount of saponin is required to generate a similar level of adjuvant effect. 

In work leading up to the present invention, the inventors have found that the 
15 phospholipid component of an immunostimulating complex can be replaced with 

ganglioside molecules since gangliosides are structurally related to phospholipids. Both 
molecules have two acyl chains joined through glycerol to a head group. Although not 
intending to limit the operations of the invention to any one mode of action, it is 
believed that because the nature of a ganglioside molecule is a fatty acid chain with a 
20 polar head group, the fatty acid chain inunerses in the immunostimulating conq)lex 
leaving the polar head group exposed, said head group thereby functioning as an 
exposed B cell epitope. Such a formulation can present the antigenic portion of the 
ganglioside at the surface of the inununostimulating complex structure. 

25 Accordingly, one aspect of the present mvention relates to an unmunogenic 
immunostimulating complex comprising a saponin preparation, a sterol, a protein 
epitope together with a phospholipid and at least one ganglioside or at least one 
ganglioside alone. 



30 
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SaponiB preparations, sterols and phospholipids suitable for use in the present invention 
are described in detaU in PCT/AU95/00670, the disclosures of which are incoiporated 
herein by reference. 

5 An immunogenic immunostimulating complex in accordance with the present invention 
may be prepared by techniques which are well known to persons skilled in the art, and 
which are described in detail in the publications of Cox and Coulter, 1992 and Morein 
et aL, Australian Patent Specifications No. 558258, 589915, 590904 and 632067 the 
disclosures of which are incorporated by reference herein. Since the preparation of the 

10 immunogenic immunostimulating complexes of the present invention does not involve 
chemical conjugation, the risk of altering the conformation of the ganglioside or protein 
epitope is minimized. 

Multiple proteins and gangliosides can be incorporated into a single inununostimulating 
15 complex. This permits the preparation of hnmunostimulating complexes wherem the 
ratio of protein components to gangliosides varies between individual 
immunostimulating complexes. 

Reference heremafter to "gangliosides" should be read as including reference to all 
20 forms of gangliosides and derivatives thereof. Derivatives include fragments, parts, 
portions, chemical equivalents, mutants, homologs and analogs. Chemical equivalents 
of a ganglioside can act as a functional analogue of the ganglioside. Chemical 
equivalents may not necessarily be demed from a ganglioside but may share certain 
conformational sunilarities. Alternatively, chemical equivalents may be specifically 
25 designed to mimic certain physiochemical properties of the ganglioside. Chemical 
equivalents may be chemically synthesised or may be detected foUowmg, for example, 
natural product screenings. 

Homologs of gangliosides contemplated herein include, but are not limited to, 
30 gangliosides derived from different species. 
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Preferably, said ganglioside is selected from GM2, GD2, GD3 and/or GT3 (Uoyd, 
1993) or derivatives thereof. 

Accordingly, in this preferred embodiment the present invention relates to an 
5 immunogenic immunostimulating complex comprising a saponin preparation, a sterol, a 
protein epitope together with a phospholipid and at least one of the gangliosides GM2, 
GD2, GD3 and/or GT3 or at least one of the gangliosides GM2, GD2, GD3 and/or 
GT3 alone. 

10 The "protein" in the complex of said invention includes a T cell epitope suitable for 
presentation by an antigen presenting cell. Examples include but are not limited to the 
melanoma antigens e.g. Mel 40, MAGE, GAGE, ESDI, Melan A, Mage 3 (Stockert et 
aL, 1998), influenza haemagglutinin, key hole lunpet haemocyanin or cancer specific 
protems (e.g. cancer specific proteins which are relevant to the cancer in respect of 

15 which the therapeutic vaccine will be used) their functional derivatives, chemical 
equivalents, homologs, analogs, mutants, variants or derivatives thereof. Said protein 
may act as both a T cell epitope to help mduce antibody responses to gangliosides and 
as a protective antigen in its own right. For example, Melan A can provide the T cell 
epitope suitable for presentation by an antigen presenting cell thereby assisting in the 

20 induction of an antibody response to the ganglioside component of the present 
invention but can also stunulate an immune response against the Melan A epitope, 
itself. Where said protein is a melanoma specific antigen, the induction of an immune 
response against said protein may yield therapeutic efficacy. In a particularly preferred 
embodiment, said proteins may function as protective antigens in thek own right. 

25 

According to one preferred aspect of the present invention diere is provided an 
inmiunogenic immunostimulating complex comprising a saponin preparation, a sterol, 
influenza haemagglutinin together with a phospholipid and at least one of the 
gangliosides GM2, GD2, GD3 and/or GT3 or at least one of die gangliosides GM2, 
30 GD2, GD3 and/or GT3 alone. 
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In another preferred aspect, said protein is a melanoma specific protein. 

According to this preferred aspect of the present invention there is provided an 
imimunogenic immunostimulating complex comprising a saponin preparation, a sterol, a 
5 melanoma specific protein together with a phospholipid and at least one of the 
gangliosides GM2, GD2, GD3 and/or GT3 or at least one of the gangliosides GM2, 
GD2, GD3 and/or GT3 alone. 

The term "mammal" includes humans, primates, livestock animals (eg. horses, cattle, 
10 sheep, pigs, donkeys), laboratory test animals (eg. mice, rats, rabbits, guinea pigs), 
companion animals (eg. dogs, cats) and c^tive wild ammals (eg. kangaroos, deer, 
foxes). Preferably, the mammal is a human or laboratory test animal. Even more 
preferably, the mammal is a human. 

15 Most gangliosides in a cell are found in the plasma membrane, with the carbohydrate 
moiety pointing outwards. In light of both this and the fact that gangliosides are 
prevalent in tumours they are ideally suited to act as cell surface antigen targets. 
Further, several of the 70 plus gangliosides which have been identified are 
predominantly found on certain tumour cells. For example, melanoma tumours express 

20 varying amounts of GM2 and GD2. Further, the protein which is incorporated into the 
immunostimulating complex is a T cell epitope suitable for presentation by an antigen 
presenting cell. A further aspect of the present invention dierefore relates to the use of 
the mvention to induce an immune response in a manunal, including but not limited to 
a humoral and/or cell mediated immune response. 

25 

Accordingly, another aspect of the present invention relates to a vaccine composition 
comprising as the active component an immunogenic immunostimulating complex as 
broadly described above, together with one or more pharmaceutically acceptable 
carriers and/or diluents. 



30 
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The pharmaceutical forms suitable for injectable use include sterile aqueous solutions 
(where water soluble) or dispersions and sterile powders for the extemporaneous 
preparation of sterile injectable solutions or dispersion or may be in the form of a 
cream or other form suitable for topical application. It must be stable under the 
5 conditions of manufacture and storage and must be preserved against the contaminating 
action of microorganisms such as bacteria and fungi. The carrier can be a solvent or 
dispersion medium containing, for example, water, ethanol, polyol (for example, 
glycerol, propylene glycol and liquid polyethylene glycol, and the like), suitable 
mixtures thereof, and vegetiAI^ oils. The proper fluidity can be maintained, for 

10 example, by the use of a coating such as lecidiin, by the maintenance of the required 
particle size in the case of dispersion and by the use of superfactants. The preventions 
of die action of microorganisms can be brought about by various antibacterial and 
antifungal agents, for example, parabens, chlorobutanol, phenol, sorbic acid, 
thimerosal and the like. In many cases, it will be preferable to include isotonic agents, 

15 for example, sugars or sodium chloride. Prolonged absorption of the injectable 
compositions can be brought about by the use in the compositions of agents delaying 
absorption, for example, aluminum monostearate and gelatin. 

Sterile injectable solutions are prepared by incorporating the active compounds in the 
20 required amount in the appropriate solvent with various of the other ingredients 
enumerated above, as requked, followed by filtered sterilisation. Generally, 
dispersions are prepared by incorporating the various sterilised active mgredient into a 
sterile vehicle which contains the basic dispersion medium and the required other 
ingredients from those enumerated above. In the case of sterile powders for the 
25 preparation of sterile mjectable solutions, the preferred methods of preparation are 
vacuum drying and the freeze-drying technique which yield a powder of the active 
ingredient plus any additional desired ingredient from previously sterile-filtered solution 
thereof. 



30 
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When the active ingredients are suitably protected they may be orally administered, for 
example, with an inert diluent or with an assimUable edible carrier, or it may be 
enclosed in hard or soft shell gelatin capsule, or it may be compressed into tablets, or it 
may be incorporated directly with the food of the diet. For oral therapeutic 

5 administration, the active compound may be incorporated with excipients and used in 
die form of ingestible tablets, buccal tablets, troches, capsules, elixirs, suspensions, 
syrups, wafers, and the like. Such compositions and preparations should contain at 
least 1 % by weight of active compound. The percentage of the compositions and 
preparations may, of course, be varied and may conveniently be between about 5 to 

10 about 80% of the weight of the unit. The amount of active compound in such 
therapeutically useful compositions is such that a suitable dosage will be obtained. 
Preferred compositions or preparations according to die present invention are prepared 
so that an oral dosage unit form contains between about 0. 1 /tg and 2000 mg of active 
compound. 

15 

The tablets, troches, pUls, capsules and the like may also contain the components as 
listed hereafter: a binder such as gum, acacia, corn starch or gelatin; excipients such as 
dicalcium phosphate; a disintegrating agent such as corn starch, potato starch, alginic 
acid and the like; a lubricant such as magnesium stearate; and a sweetening agent such 

20 as sucrose, lactose or saccharin may be added or a flavouring agent such as peppermint, 
oil of wintergreen, or chwry flavouring. When die dosage unit form is a capsule, it 
may contain, in addition to materials of the above type, a liquid carrier. Various other 
materials may be present as coatings or to otherwise modify the physical form of the 
dosage unit. For instance, tablets, pUls, or c^sules may be coated widi shellac, sugar 

25 or both. A syrup or elixir may contain the active compound, sucrose as a sweetening 
agent, methyl and propylparabens as preservatives, a dye and flavouring such as cherry 
or orange flavour. Of course, any material used in preparing any dosage unit form 
should be pharmaceutically pure and substantially non-toxic in the amounts employed. 
In addition, die active compound(s) may be incorporated into sustained-release 

30 preparations and formulations. 
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A further aspect of the present invention relates to the use of the invention in relation to 
disease conditions. For example, the present invention is particularly useful, but in no 
way limited to use in treating tumours and m particular, melanomas. 

5 Accordingly, another aspect of the present invention relates to a method of eliciting or 
inducing an immune response to a disease condition in a mammal said method 
comprising administering to said mammal an effective amount of a vaccine composition 
as hereinbefore described wherein eliciting or inducing said immune response inhibits, 
halts or delays the onset or progression of , the disease condition. 

10 

An "effective amount" means an amount necessary at least partly to attain the desired 
immune response, or to delay the onset or inhibit progression or halt altogether, the 
onset or progression of a particular condition being treated. This amount varies 
depending upon the health and physical condition of the individual to be treated, the 
15 taxonomic group of individual to be treated, the capacity of the uidividual's immune 
system to synthesize antibodies, the degree of protection desired, the formulation of the 
vaccine, the assessment of the medical situation, and other relevant factors. It is 
expected that the amount will fall in a relatively broad range that can be determined 
through routine trials. 

20 

Preferably, said disease condition is a tumour and even more preferably melanoma. 

According to this preferred aspect the invention relates to a method of eliciting or 
inducing an immune response to melanoma or other tumour in a mamm al said method 
25 comprising administering to said mammal an effective amount of a vaccine composition 
as hereinbefore described wherein eliciting or inducing said immune response inhibits, 
halts or delays the onset or progression of the melanoma or other tumour. 
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As described above, the mammal undergoing treatment may be hmnan or an animal in 
need of therapeutic or prophylactic treatment of a disease condition or a potential 
disease condition. 

5 In yet another aspect the present invention relates to the use of an immunogenic 
immunostimulating complex in the manufacture of a medicament for inhibiting, halting 
or delaying the onset or progression of a disease condition. 

Preferably said disease condition is a tumour and even more preferably a melanoma. 

10 

Yet another aspect of the present invention relates to an agent for use in inhibiting, 
halting or delaying the onset or progression of a disease condition said agent 
comprising an immunogenic immunostimulating complex. 

15 Preferably said disease condition is a tumour and even more preferably a melanoma. 

Further features of the present invention are more fully described in the following 
Figures and/or Examples. It is to be understood, however, diat this detailed description 
is included solely for the purposes of exemplifying the present invention. It should not 
20 be understood in anyway as a restriction on the broad description of the mvention as set 
out above. 
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In the Figures: 

Figure 1 is a graphical representation of the sucrose gradient analysis of GM2 A/Texas 
imxnunostimulating complex indicating the cholesterol, protein and GM2 
S monosialoganglioside contents of sucrose gradient fractions. 

Figure 2 is a graphical representation of serum antibody response to a A/Texas. Mean 
titres +/- SEM are shown after first and second unmunisation of mice with A/Texas 
immunostimulating complexes or A/Texas Immunostimtilating complexes containing 
10 monosialoganglioside GM2. 

Figure 3 is a graphical representation of individual serum antibody levels to A/Texas of 
three rabbits immunised with GM2 A/Texas immunostimulating complex. Antibody 
levels are shown as the absorbence of sera diluted 1:6250. 

15 

Figure 4 is a graphical representation of mdividual serum antibody levels to 
monoganglioside GM2 of three rabbits mununised with GM2 A/Texas 
inununostimulating complex. Antibody levels are shown as the absorbence of sera 
diluted 1:25. 

20 

Figure 5 is a graphical representation of the sucrose gradient analysis of GD3 p-OVA 
immunosthnulating complex mdicatmg the cholesterol, protem and GD3 
monosialoganglioside contents of sucrose gradient fractions. 

25 Rgure 6 is a graphical representation of individual serum antibody levels of ovalbumin 
of three rabbits immunised widi GD3 p-OVA immunostimulating complex. Antibody 
levels are shown as the absorbence of sera diluted 1:640. 
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Flgure 7 is a graphical representation of individual antibody levels to 
monosialoganglioside GD3 of three rabbits immunised with GD3 p-OVA 
immunostimulating complex. Antibody levels are shown as the absorbence of sera 
dUuted 1:40. 
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EXAMPLEl 

PREPARATION OF IMMUNOSTIMULATING COMPLEXES CONTAINING 
MONOSIALOGANGLIOSIDE GM2 AND INFLUENZA PROTEINS 

5 Immunostimulating complex formulations were prepared by the method of Morein et 
aL (1989). Briefly, to 5.3 mg of detergent disrupted haemagglutinin (HA) from the 
human A/Texas strain in 4.5 mi PBS was added 1 ml of a solution containing 10 mg/ml 
cholesterol in 20% MEGA-10 detergent (w/v) and 1 ml of an aqueous solution 
containing 10 mg/ml monosialoganglioside GM2 (Larodan Fine Chemicals AB, 

10 Sweden). Following mixing, 3.5 ml of a solution containing 10 mg/ml 

ISCOPREP^03 m PBS was added, the solution was held at 25*C for 1 hour with 
gentle mixing. During subsequent dialysis against PBS/azide immunostimulating 
complexes containing influenza HA, cholesterol, ISCOPREP^03 and 
monosialoganglioside GM2 are formed. These inmiunostimulating complexes were of 

15 typical appearance by electron microscopy. Similarly, A/Texas immunostimulating 
complexes were prepared where the monosialoganglioside GM2 was replaced with 
dipalmitoyl phosphatidyl cholme (DPPC). 

After dialysis, preparations were purified on a sucrose gradient (10 to 50% sucrose) 
20 and fractions analysed for radioactivity (to detect tritiated cholesterol), protein (to 
detect influenza antigens) and by HPLC (to detect monosialoganglioside GM2) (Figure 
1). The detection of monosialoganglioside GM2 using reverse phase HPLC was 
according to Palestini et aL (1990). All three basic components peaked in those 
fractions in which typical unmunostimulating complexes were identified by EM, 
25 indicating incorporation of all components into the inmiunostimulating complex. 
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EXAMPL£2 

IMMUNIZATION OF MICE WITH AJTEXAS IM^d[UNOSTI^fULATING 
COMPLEXES CONTAINING MONOSIALOGANGUOSIDE 
GM2 OR DPPC 

5 

Ten outbred NIH strain mice were inununized subcutaneously on day 0, day 28 and day 
110 with 0.1 ml of GM2 A/T«as immunostimulating complex (preparation described 
in Example 1) containing 11 /xg ISCOPREP™703, 1 ixg the influenza protein from 
the human A/Texas strain and 3 /zg monosialoganglioside GM2. All mice were retro- 
10 orbitally bled on day 28, 35 and 125. 

Induction of serum IgG antibodies directed against A/Texas were measured by Enzyme 
Immune Assay (EIA). F96 MaxiSorp plates (Nunc, Denmark) were coated with 2.5 
/ig/well of disrupted A/Texas influenza virus in 0.05 M carbonate buffer, pH 9.6 over 
15 night at room temperature. The plates were blocked in 0.01 M PBS. pH 7.2 contammg 
0.1% casein, 0.01 % Thiomersal and stabiliser for a minimum of 1 hour at room 
temperature and were dried under vacuum. Fivefold dilutions of mouse sera, starting 
from 1 in 1000, were made in 0.01 M PBS, pH 7.2 containing 1% Casein, 0.05% 
Tween-20 and 0.01 % Thiomersal (assay buffer) and 100 /zl/weli was incubated for 2 
20 hours at room temperature. Each plate included a standard serum diluted twofold 
starting from 1 in 20. After five washmgs in 0.01 M PBS, pH 7.2 contaming 0.05% 
Tween-20 and 0.0005 % Thiomersal the plates were incubated for 2 hours at room 
temperature with horse-radish peroxidase conjugated goat anti mouse IgG (Kirkegaard 
& Perry Laboratories, USA) dUuted to 0.06 //g/ml m assay buffer. After three 
25 additional washes substrate solution (TMB, Microwell Peroxidase Substrate System, 
Kirkegaard & Perry Laboratories, USA) was added at 100 ^il/well aoA incubated for 10 
minutes at room temperature. The enzyme reaction was stopped by addition of 50 
^l/well of 0.5 M H2SO4 and the absorbance at 450 nm was read. End-point titres were 
calculated from a four parameter fit analysis of the linear part of the standard curve. 
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Immunization with GM2 A/Texas immunostimulating complex gave rise to IgG 
antibodies directed against A/Texas (Figure 2). A significant booster effect was seen 
between the first and the second immunization (p < 0.05 ). Titres were compared by 
the Wilcoxon signed rank test and the Mann-Whitney U-test using the GraphPad Instat 
5 v2.03 computer software. 

Induction of serum antibodies to monosiaioganglioside GM2 were measured in a dot 
blot assay using immunostimulatmg complex containing monosiaioganglioside GM2 
(from Larodan Fine Chemicals AB, Sweden) but no protein as coating material (1.7 

10 ^g/dotISCOPREP^03 and 0.25 /zg/dotGM2). Preparation of the GM2 
immunostimulating complex was essentially the same as for the GM2 A/Texas 
immunostimulating complex in Example 1, omitting the addition of the influenza 
protein. Dots containing ISCOMATRIX™ were used as control material (1.7 /zg/dot 
ISCOPREP"703). Preparation of ISCOMATRIX^ was essentially the same as for the 

15 GM2 A/Texas unmunostimulating complex in Example 1, omitting the addition of the 
influenza protein and replacing the monosiaioganglioside GM2 with DPPC. Dots 
contaning purified and disrupted A/Texas were used as additional control material 
(approxunately 80 ng/dot of haemagglutinin). Dots were made on nitro cellulose sheets 
(0.5 - 1 ^1/dot). After drying for 10 minutes at room temperature the nitro cellulose 

20 sheets were incubated for 1 hour at room temperature in 0.01 M PBS, pH 7.2 

containing 3% Bovine Serum Albumin (BSA) (blocking buffer). Blots were mcubated 
with a pool of sera taken on day 125 from mice immunized with GM2 A/Texas 
immunostimulating complex, a pool of sera from mice immunized with A/Texas 
unmunostimulating conq)lex and sera from naive mice. The three pools of sera were 

25 all diluted 1 in 1000 in blocking buffer added to the blots and incubated for 1 hour at 
room temperature. After washing three times, each for 10 minutes in 0.01 M PBS, pH 
7.2 containing 0.3% BSA the blots were incubated widi horse-radish peroxidase 
conjugated goat anti mouse IgG y specific (Kirkegaard & Perry Laboratories, USA) 
diluted to 0.06 /zg/ml m blocking buffer for 1 hour at room temperature. After three 

30 further washings, substrate solution (4CN Peroxidase Substrate System, Kirkegaard & 
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Perry Laboratories, USA) was added and incubated for approximately 10 minutes at 
room temperature. The blots were dried and stored in a dark place. 

GM2-immunostimuIating complex was recognized by sera from the mice immunized 
5 with GM2 A/Texas inmiunostunulating complex but not by control sera raised against 
A/Texas-immunostimuiating complex (Table 1) indicating that a population of 
antibodies in the sera are du-ected against GM2. Sera from the mice inmiunize^ with 
GM2 A/Texas immunostimulating complex also reacted with ISCOMATRIX™ not 
containing GM2. The control sera raised against A/Texas-immunostimulating complex 
10 did not react with ISCOMATRIX™. It is probable that the mice immunized with GM2 
A/Texas immunostimulating complex produce some antibodies recognising the 
galactose moiety, which is a consistent carbohydrate at the C3 position of the aglycone 
quillaic acid on most, if not all, quillaia saponins. 

15 

EXAMPLES 

IMMUNIZATION OF RABBITS WITH A/TEXAS IMMUNOSTIMULATING 
COMPLEXES CONTAINING MONOSIALOGANGLIOSIDE GM2 

20 Three rabbits were inmiunized subcutaneously on day 0 and day 19 with 0.5 ml of 
GM2 A/Texas immunostunulating complex (preparation described in Example 1) 
contaimng 200 /zg ISCOPREP^03, 20 /xg A/Texas and 50 //g monosialoganglioside 
GM2. The rabbits were bled on day 0, day 7, day 19 and day 25. 

25 Induction of serum IgG antibodies directed against A/Texas were measured by EIA. 
The assay was essentially the same as the EIA procedure described in Example 2 with 
the exception that a horse-radish peroxidase conjugated goat anti rabbit IgG H+L 
(Kirkegaard & Ferry Laboratories, USA) diluted to 1 /xg/ml in assay buffer were used 
instead of the mouse conjugate. 

30 
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As shown in Figure 3 antibody levels against A/Texas influenza proteins were raised 
after immunization with GM2 A/Texas immunostimulating complex . After the first 
immunisation the antibody levels increased approximately four fold from day 0 to day 7 
followed by another approximate four fold rise from day 7 to day 19 (p=0.05). A 
5 significant booster effect was seen between first and second inmiunization (p=0.05) 
and the antibody levels increased about 1,5 times. Antibody levels were compared by 
the Wilcoxon signed rank test using GraphPad Instat v2.03 computer software. 

Induction of serum IgG antibodies directed against mpnosialoganglioside GM2 were 
10 measured by EIA. F96 MaxiSorp plates (Nunc, Denmark) were coated with 

monosialoganglioside GM2 (Larodan Fine Chemicals AB, Sweden) dissolved in 0.1 M 
Carbonate buffer, pH 9.4 at 0. 1 /ig/well. The plates were mcubated over night at 
+4*C and die following steps were essentially the same as the EIA procedure described 
in Example 2 wifli the exception that a horse-radish peroxidase conjugated goat anti 
15 rabbit IgG (Kirkegaard & Perry Laboratories, USA) diluted to 1 //g/ml in assay buffer 
was used instead of the mouse conjugate. 

Figure 4 shows that the individual antibody levels to monosialoganglioside GM2 were 
approxhnately 2 times higher on day 7 than on day 0 for all rabbits indicating that low 
20 levels of antibodies against monosialoganglioside GM2 were produced. 

Induction of serum IgG antibodies dkected against monosialoganglioside GM2 were 
also measured using a dot blot assay. The method was essentially the same as the 
procedure described in Example 2 with the exception that a horse-radish peroxidase 
25 conjugated goat anti rabbit IgG (Kirkegaard & Perry Laboratories, USA) diluted to 1 
/ig/ml in assay buffer was used instead of the mouse conjugate. 

GM2-inimunostimulating complex was only recognized by rabbit sera taken 1 week 
after the second immunization (day 25) indicating that a booster response to antibodies 
30 directed against monosialoganglioside GM2 was seen (Table 2). The EIA appears to 
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have higher sensitivity than the dot blot assay as a response was detected on day 7. 
Analogous to Example 2 the rabbit sera from day 25 also reacted widi with 
ISCOMATREJT" not containing GM2. The earlier bleeds did not react with 
ISCOMATRIX™. It is probable that also the rabbits immunized with GM2 A/Texas 
5 immunostimulating complex produce some antibodies recognising the galactose moiety 
probably present on the aglycone quillaic acid in the ISCOMATRIX". 

EXAMPLE 4 

10 PREPARATION OF IMMUNOSTIMULATING COMPLEXES CONTAINING 
DISIALOGANGLIOSIDE GD3 AND PALMITIFBED OVALBUMIN 

Immunostimulating complex contaming disialoganglioside GD3 and palmitified 
ovalbumin (p-OVA) was essentially prepared according to the method described in 
15 Example 1 and in Mowat et aL (1991). The monosialoganglioside GM2 was replaced 
with disialoganglioside GD3 and A/Texas with p-OVA, 

After dialysis, preparations were purified on a sucrose gradient (10 to 50% sucrose) 
and fractions analysed for radioactivity (to detect tritiated cholesterol), protein (to 
20 detect p-OVA) and by HPLC (to detect disialoganglioside GD3) (Figure 5). The 
detection of disialoganglioside GD3 using reverse phase HPLC was according to 
Palestini et al. (1990). All three basic components peaked in those fractions in which 
typical inmiunostimulating complexes were identified by EM, indicating incorporation 
of all conq)onents into the immunostimulating complex. 



25 
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EXAMPLES 

IMMUNIZATION OF RABBITS WITH P-OVA IMMUNOSTIMULATING 
COMPLEXES CONTAINING DISIALOGANGLIOSIDE GD3 

5 Three rabbits were immunized subcutaneously on day 0 with 0.5 ml of GD3 p-OVA 
immunostunulating complex (preparation described in Example 4) containing 200 /ig 
ISCOPREP"703, 17 fig p-OVA and 111 fMg disialoganglioside GD3, The rabbits were 
bied on day 0 and day 7. 

10 Induction of serum IgG antibodies directed against ovalbumin were measured by EI A. 
F96 MaxiSorp plates (Nunc, Denmark) were coated with ovalbumin (Sigma, USA) 
dissolved in 10 mM Acetate buffer, pH 4.2 at 5 /zg/well. The plates were mcubated 
over night at +4"C and the following steps were essentially the same as the EIA 
procedure described in Example 2 with the exception that a horse-radish peroxidase 

15 conjugated goat anti rabbit IgG H+L (Kirkegaard & Perry Laboratories, USA) diluted 
to 1 {ig/ml in assay buffer were used instead of the mouse conjugate. 

As shown in Figure 6 antibody levels agamst ovalbumin were raised after unmunization 
with GD3 p-OVA immunostimulating complex. The antibody levels increased 
20 approximately three fold from day 0 to day 7 (p=0.05). Antibody levels were 
compared by the Wilcoxon signed rank test using Gr^hPad Instat v2.03 computer 
software. 

Induction of serum IgG antibodies directed against disialoganglioside GD3 were 
25 measured by EIA. F96 MaxiSorp plates (Nunc, Denmark) were coated with 
disialoganglioside GD3 (Larodan Fine Chemicals AB, Sweden) dissolved in O.l M 
PBS, pH 7.2 at 0. 1 /zg/well. The plates were incubated over night at +4**C and the 
following steps were essentially the same as the EIA procedure described in Example 2 
with the exceptions that Tween-20 was omitted in washing buffer and assay buffer and 
30 that a horse-radish peroxidase conjugated goat anti rabbit IgG (Kirkegaard & Perry 
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Laboratories, USA) diluted to 1 //g/ml in assay buffer was used instead of the mouse 
conjugate. 

Figure 7 shows that individual antibody levels to disialoganglioside GD3 increased 
5 £^proxunately 1.5 times from day 7 to day 0 for 2 rabbits out of 3 indicating that low 
levels of antibodies against disialoganglioside GD3 were produced. The rabbit that did 
not respond had a high reading on day 0 which was reduced after immunisation. 



ISCOPREP"703 and ISCOMATRIX™ are products of Iscotec A.B. 
10 Patent Application No. PCT/AU95/00670. 



- refer International 
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Table 1. Serum antibody response to monosialoganglioside GM2 measured by dot blot 
assay. Mice were immunized with GM2 A/Texas immunostimulating complex. 



Antiged in dot 


' ^ 1 - ^peteqtipnwiJfLsera ^ ^. ' 


a GM2 ATexas- 
immunostimulating 
complex 


a A/Texas- 
immunostimulating 
comply 


Neg. Mouse 
Sera 


ISCOMATRDC™ 


+ 






GM2- 
immunostimulating 
complex 


•H- 






A/Texas 


+ 


+ 





- no reaction between antigen and sera 
+ clear reaction between antigen and sera 
++ strong reaction between antigen and sera 
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Table 2* Serum antibody response to monosialoganglioside GM2 measured by dot blot 
assay. Rabbits were immunized with GM2 A/Texas immunostimulating complex. 



Antigen in dot 


^^ ^^ Detection with sera from rabbits immunised with GM2 
. \ A/rex:as inmiunostimulatiDtg complex 


day 0 


day 7 


day 19 


day 25 


ISCOMATRIX™ 








+ 


GM2- 
immunostimulating 
complex 








++ 


A/Texas 




++ 


-H- 


++ 



- no reaction between antigen and sera 
+ clear reaction between antigen and sera 
++ strong reaction between antigen and sera 
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CLAIMS: 

1. An immunogenic immunostimulating complex comprising a saponin 
preparation, a sterol, a protein epitope togetlier with either (I) a phospholipid 
and at least one ganglioside or (ii) at least one ganglioside alone. 

2. An inununogenic inmiunostimulating complex according to claim 1 wherein said 
ganglioside is selected from GM2, GD2, GD3 and/or 0X3 or derivatives 
thereof. 

3. An unmunogenic inmiunostimulating complex according to claim 1 or 2 
wherein said protein is a cancer specific protein. 

4. An immunogenic immunostimulating complex according to claim 3 wherein said 
cancer specific protein is a melanoma specific protein. 

5. An immunogenic immunostimulating complex according to ciaun 4 wherein said 
melanoma specific protein is selected from MEL 40, MAGE, GAGE, ESOl or 
meian A. 

6. An immunogenic immunostimulating complex according to claim 1 or claim 2 
wherein said protein is an influenza haemagglutinm. 

7. A vaccine composition comprising as the active component an unmunogenic 
inmiunostimulating complex as claimed in any one of claims 1 to 6, together 
with one or more pharmaceutically acceptable carriers and/or diluents. 
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8. A method of eliciting or inducing an immune response to a disease condition in 
a mammal, said method comprising administering to said mammal an effective 
amount of the vaccine composition according to claim 7 wherein elicitmg or 
inducing said immune response inhibits, holds or delays the onset or progression 
of the disease condition. 

9. The method according to claim 8 wherein said disease condition is a tumor. 

10. The method according to claim 9 wherein said tumor is melanoma. 

11. The mediod according to claim 8 or claim 9 or claim 10 wherem said mammal 
is human. 

12. Use of an immunogenic immunostimulating complex as claimed in any one of 
claims 1 to 7 in the manufacture of a medicament for inhibiting, halting or 
delaying the onset of progression of a disease condition. 

13. Use according to claim 12 wherein said disease condition is a tumor. 

14. Use according to claim 13 wherein said tumor is a melanoma. 

15. An agent for use In inhibiting, halting or delaying the onset or progression of a 
disease condition comprising as the active component an inmiunogenic 
immunostunulating complex as claimed in any one of claims 1-7. 

16. An agent according to claim 15 for use in inhibiting, halting or delaying the 
onset or progression of a disease condition wherein said disease condition is a 
tumor. 
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17. An agent according to claim 16 for use in inhibiting, halting or delaying the 
onset or progression of a tumor wherein said tumor is a melanoma. 
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